Recent research has shown that the alloy Fe-12Ni-0.25Ti may be processed to have an outstanding combination of strength and toughness at cryogenic temperatures~ In this paper we present some of the results obtained to date with this alloy, and compare these to the properties of two commonly used cryogenic steels. Tensile properties, impact properties, and preliminary results of fracture toughness tests are presented.
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I. INTRODUCTION
Recent research in this laboratory has led to the identification of a group of ferr{tic alloys from the iron-nickel-titanium system which show an unusual combination of strength and ductility at cryogenic tem~ peratures. ·The details of this research are reported elsewhere(!). In this paper we shall present some of the best results obtained through processing of an Fe-12Ni-0.25Ti·alloy and compare these to the best available properties of two commonly used cryogenic steels: type 304 stainless steel and Fe-9Ni-1Mn-0.1C ("9-Nickel" steel).
II. ALLOY COMPOSITION AND PROCESSING
Low carbon alloys of nominal composition Fe-12Ni-0.25Ti were obtained by vacuum melting from the prime components. The actual composition of typical ingot is shown in Table I . The 2-3/4" ingots were forged to 3/4" plate at a temperature of approximately 1100°C and air cooled to room temperature. The alloys were then treated to refine grain size and impart a beneficial distribution of fine coherent precipitate particles. The treatments involve annealing within the two-phase region, a (BCC ferrite) + y(FCC austenite), which falls roughly at temperatures of 6oo-8oo 0 c for this alloy, in sequence with mechanical working or precipitation anneal at lower temperature.
The four processing sequences which will be specifically mentioned. In succeeding sections the mechanical properties of this alloy will be compared to those of type 304 stainless steel and "9-nickel" steel.
The comparison alloys were procured commercially and _treated according _to recommended procedures ( 2 ) to optimize toughness at cryogenic temperature. The type 304 stainless steel was austenitized at 1020°C for one hour, then ice brine quenched. The "9-nickel" steel was processed in the sequence: 900°C (2 hrs.), air quench+ 790°C (2 hrs.), air quench+ 550°C (2 hrs.), water quench.
III Cryogenic Tensile Properties
The tensile properties of the Fe-12Ni-0.25Ti alloy, treatments l, 2, and 3, were tested at 7°K,. in an Instron machi!le equipped with a liquid helium cryostat. using specimens of 0.5 in. guage length and 0.125 in. diameter. The tensile properties of the two comparison alloys were measured under identical conditions.
The results are given in Table II . The Fe-Ni-Ti alloy, 
IV. CRYOGENIC IMPACT TOUGHNESS
Charpy impact tests were conducted at liquid nitrogen temperature using ASTM standard techniques and at 6°K using the "boxing" technique described elsewhere in these proceedings( 3 ). The Fe-l2Ni-0.25Ti alloy was tested in each of the four processing conditions described in Section II. The 304 and 9-Nickel comparison alloys were also tested.
The results of the Charpy impact tests are shown in Table III . At The impact fracture propagated through roughly 90% of the thickness of the bar before the hammer was stopped.
V. FRACTURE TOUGHNESS .
While we have completed only preliminary fracture toughness testing to date, results confirm the unusual ductility of the processed .
.
Fe-12Ni-0.25Ti alloy.
. 0
Fracture toughness tests were conducted at 77 K
.on an MTS machine equipped with a liquid nitrogen cryostat. The specimens were ASTM standard "compact tension" specimens( 4 ) of 0.10 in.
thickness. Alloys tested included Fe-12Ni..:.0.25Ti, treatments (1) and (4), and 9-Nickel steel.
The results of these test are shown in Figure 3 , which includes the load-displacement curves obtained. As may be seen from the shape of terminated.
The three rracture toughness specimens are compared in Figure 4 .
The enchanced ductiiity of the Fe-12Ni-0.25Ti alloys is visually apparent. Scanning electron fractographs of the fracture surfaces of the Since the Fe-12Ni-0.25Ti alloys were well avay from plane strain conditions during these test no fracture toughness measure was taken.
Tests using thicker samples are currently in progress.
VI. DISCUSSION
The results presented in the previous secticms indicate that the used to obtain these properties can be simplifiecli to processes of more commercial appeal. These questions are now being investigated.
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Figure 1. Charpy specimens tested at 6°K using the method given in reference (3). The Fe-12Ni-0.25Ti alloy was processed according to treatment (3) described in Section II. The 30~ and 9-Nickel steels were also processed as described in Section II. show the faceting characteristic of quasi-cleavage.
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